Introduction
============

Breast cancer is the most common malignant tumor in women: \~2 million breast cancer cases are diagnosed worldwide annually.[@b1-ott-12-2071]--[@b3-ott-12-2071] At present, surgery, including breast-conserving surgery (BCS) or mastectomy (MAST), remains the basic method for the local management of breast cancer. Several previous trials have shown similar long-term outcomes between BCS + radiotherapy (RT) and MAST in early stage breast cancer.[@b4-ott-12-2071]--[@b6-ott-12-2071] Results from recent studies also showed better survival outcomes in patients who received BCS + RT, as compared to those who underwent MAST.[@b7-ott-12-2071]--[@b9-ott-12-2071] Patients who underwent BCS also had better psychosocial well-being, a higher level of satisfaction with life, and better psychological health compared to patients treated with MAST.[@b10-ott-12-2071],[@b11-ott-12-2071]

Several factors, including clinicopathological, individual, and physician factors may affect the decision-making for surgery in early stage breast cancer.[@b12-ott-12-2071] Moreover, the fear of cancer recurrence is an important factor driving the decision for MAST, which reportedly reduces the risk and avoids the need for repeated surgery or RT associated with BCS.[@b13-ott-12-2071] A recent meta-analysis indicated that \~25% of patients were more likely to choose BCS rather than MAST, if a decision aid was used.[@b14-ott-12-2071] The Oncotype DX Breast Cancer Assay (GenomicHealth^®^) is a 21-gene assay used to calculate a recurrence score (RS), which serves as an assessment of the probability of distant recurrence. Several studies have confirmed that there is a correlation between the 21-gene RS and the response to adjuvant chemotherapy.[@b15-ott-12-2071],[@b16-ott-12-2071] In addition, a higher RS was also found to be associated with a higher risk of locoregional or distant relapse.[@b16-ott-12-2071]--[@b21-ott-12-2071] However, the role of the 21-gene RS in surgical decision-making remains unclear. Therefore, in the present study, we aimed to assess the role of the 21-gene RS on decision-making for surgical treatment in early stage breast cancer, and compared the outcomes between BCS and MAST among different 21-gene RS groups.

Materials and methods
=====================

Patients
--------

We linked to the National Cancer Institute's Surveillance, Epidemiology, and End Results Program (SEER) 18 Regs (Excl AK) Custom Data Malignant Breast (with Oncotype DX and Additional Treatment Fields) to obtain patient demographics, clinicopathological variables, vital status, and results of the 21-gene RS testing of breast cancer patients.[@b22-ott-12-2071] In particular, we included patients with stage tumor (T)1--2 node (N)0 metastasis (M)0, estrogen receptor (ER)-positive breast invasive ductal carcinoma who received BCS + RT or MAST between 2004 and 2012. We excluded patients without a positive pathology diagnosis, unknown race/ethnicity, unknown tumor grade, unknown progesterone receptor (PR) status, as well as those who underwent RT after MAST. The use of data from SEER is exempt from the approval process by institutional review boards due to the de-identified nature of patient information.

Variables
---------

Patient characteristics including age, race/ethnicity, tumor grade, T stage, PR status, surgical procedure, history of chemotherapy, and the 21-gene RS classification were assessed. Based on the 21-gene RS, patients were classified as "low-risk" (score: \<18), "intermediate-risk" (score: 18--30), or "high-risk" (score: \>30).[@b23-ott-12-2071] The primary survival outcome included breast cancer-specific survival (BCSS), calculated as the time from initial diagnosis to the date of breast cancer-related death or final follow-up.

Statistical analysis
--------------------

Chi-squared tests were performed to compare the difference in patient characteristics between the two surgical treatment arms. The predictors of undergoing surgery were evaluated using binomial logistic regression. We used a 1:1 propensity score matching (PSM) method to balance the patient characteristics and reduce potential selection bias.[@b24-ott-12-2071],[@b25-ott-12-2071] BCSS curves were plotted using the Kaplan--Meier method and then compared using log-rank tests. Multivariate Cox proportional hazards models were established using the Backward Wald Method to evaluate the independent prognostic indicators associated with BCSS. All statistical analyses were conducted using IBM SPSS version 22.0 (IBM Corporation, Armonk, NY, USA), and *P*-values \<0.05 were considered significant.

Results
=======

We enrolled 34,447 patients, including 22,681 (65.8%) and 11,766 (34.2%) who underwent BCS and MAST, respectively. [Table 1](#t1-ott-12-2071){ref-type="table"} lists the patient characteristics. Approximately 75% of patients were aged ≥50 years, were of Non-Hispanic White ethnicity, and had not undergone chemotherapy. Moreover, 81.2% (n=27,974) of patients exhibited T1 stage disease, and 89.9% (n=30,962) of patients exhibited PR-positive disease. The median RS was 16 (range, 0--59), and 18,664 (54.2%), 12,693 (36.8%), and 3,090 (9.0%) of patients were assigned to the low-, intermediate-, and high-risk RS groups, respectively. The human epidermal growth factor receptor-2 (HER2) status was routinely registered after 2010 in SEER database. A total of 17,810 patients had the results of HER2 status, and 97.4% (n=17,353) of them had HER2-negative disease.

There was a significant difference between patients who underwent BCS and MAST ([Table 1](#t1-ott-12-2071){ref-type="table"}). Binomial regression analysis indicated that younger age, other race/ethnicity, higher tumor grade, T2 stage, PR-negative disease, no history of chemotherapy, and high-risk RS were the independent indicators associated with the decision for MAST ([Table 2](#t2-ott-12-2071){ref-type="table"}). The proportion of various procedures among the different RS groups is presented in [Figure 1](#f1-ott-12-2071){ref-type="fig"}. A total of 66.7% (n=12,441), 66.4% (n=8,423), and 58.8% (n=1,817) patients with low-, intermediate-, and high-risk RS underwent BCS, respectively.

The median follow-up duration of this study was 65 months (range, 0--143 months). Multivariate Cox analysis indicated that the 21-gene RS was an independent factor for BCSS. Patients with intermediate-risk RS (HR, 2.284; 95% CI, 1.826--2.858; *P*\<0.001) and high-risk RS (HR, 4.902; 95% CI, 3.790--6.340; *P*\<0.001) had poor BCSS, as compared to those with low-risk RS. The 5-year BCSS was 99.5%, 98.7%, and 95.4% in patients with low-, intermediate-, and high-risk RS, respectively (log-rank test, *P*\<0.001). In addition, patients who underwent MAST were more likely to exhibit poor BCSS (HR, 1.385; 95% CI, 1.162--1.650; *P*\<0.001) as compared to those who had undergone BCS. The 5-year BCSS was 99.0% and 98.5% in patients who had undergone BCS and MAST, respectively (log-rank test, *P*\<0.001). The tumor grade, T stage, and age at diagnosis were also independent factors for BCSS.

Furthermore, we analyzed the effect of the surgical procedure on BCSS in different 21-gene RS groups ([Table 3](#t3-ott-12-2071){ref-type="table"}). Following adjustment by age, race/ethnicity, tumor grade, T stage, PR status, and history of chemotherapy in patients with low- (HR, 2.043; 95% CI, 1.422--2.935; *P*\<0.001) and intermediate-risk (HR, 1.368; 95% CI, 1.051--1.781; *P*=0.020) RS groups, we found that those who underwent MAST had poorer BCSS than those who underwent BCS. However, the BCSS was comparable between patients who underwent MAST and BCS (HR, 1.009; 95% CI, 0.740--1.377; *P*=0.952) in high-risk RS cohort. The BCSS curves between the two treatment arms according to the 21-gene RS group are shown in [Figure 2A--C](#f2-ott-12-2071){ref-type="fig"}.

Finally, we used PSM to reduce the potential bias in patient selection. A total of 6,109, 4,123, and 1,116 pairs of patients were completely matched in the low-, intermediate-, and high-risk RS groups, respectively. The results after PSM also showed that, in patients with low-risk (HR, 2.611; 95% CI, 1.644--4.146; *P*\<0.001) and intermediate-risk (HR, 1.420; 95% CI, 1.048--1.926; *P*=0.024) RS groups, treatment with MAST was associated with a poorer BCSS as compared to treatment with BCS. However, the BCSS was comparable between patients who received MAST and BCS in the high-risk RS cohort (HR, 1.196; 95% CI, 0.836--1.710; *P*=0.327). The BCSS curves between the two treatment arms after PSM according to the 21-gene RS group are shown in [Figure 2D--F](#f2-ott-12-2071){ref-type="fig"}.

Discussion
==========

In the present study, we assessed the effect of the 21-gene RS on decision-making for surgical treatment in early stage breast cancer and compared the survival outcomes between BCS and MAST in different 21-gene RS groups. Our results showed that patients with high-risk RS were more likely to receive MAST and among those with low- and intermediate-risk RS, the treatment with BCS was associated with better BCSS, as compared to the treatment with MAST. In addition, breast-conserving treatment is safe in patients with a high-risk RS.

Several studies have confirmed the superiority of BCS over MAST or at least equal outcomes between BCS and MAST.[@b8-ott-12-2071],[@b9-ott-12-2071],[@b26-ott-12-2071]--[@b28-ott-12-2071] However, a recent study using large national databases indicated that higher proportions of BCS-eligible patients chose MAST in recent years, and marked trends were observed in patients with node-negative or in situ disease.[@b29-ott-12-2071] These findings may be related to the concern among patients regarding tumor recurrence.[@b13-ott-12-2071],[@b30-ott-12-2071] Our study was conducted during the contemporary chemo-endocrine therapy era, and the absolute benefit of BCS was 0.5%, as compared to MAST (99.0% vs 98.5%). Furthermore, our study confirmed that the outcomes of BCS were not inferior to those of MAST and that BCS can be used as a standard surgical treatment for early breast cancer.

Several studies have found that the 21-gene RS can affect not only distant recurrence but also locoregional recurrence (LRR) after BCS + RT.[@b16-ott-12-2071]--[@b21-ott-12-2071] Trials such as the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-14 and NSABP B-20 that included node-negative breast cancer patients who underwent BCS + RT indicated a 10-year LRR of 4.3%, 7.2%, and 15.8% in low-, intermediate-, and high-risk RS groups, respectively.[@b19-ott-12-2071] In addition, the NSABP B-28 study that included node-positive patients undergoing BCS + RT showed a 10-year LRR of 3.0%, 8.7%, and 11.0% in low-, intermediate-, and high-risk RS groups, respectively.[@b21-ott-12-2071] Although we were unable to obtain LRR data from the SEER database, our study also found that the 21-gene RS is an independent prognostic indicator of BCSS. Thus, the high-risk RS cohort may have a high risk of LRR and distant metastasis after RT, which could affect the efficacy of breast-conserving treatment. However, to our knowledge, no study has assessed the effect of the surgical procedure on outcomes according to different 21-gene RS groups.

The 21-gene RS has been shown to indicate whether patients receive a survival benefit from chemotherapy,[@b15-ott-12-2071],[@b16-ott-12-2071] and recent studies indicated that the 21-gene RS can predict the benefits of postoperative RT.[@b31-ott-12-2071],[@b32-ott-12-2071] In the present study, patients from the high-risk RS cohort were less likely to undergo BCS, which may be related to the concern for potential tumor recurrence after BCS. However, we found that BCS was not inferior to MAST, regardless of the 21-gene RS status. The increased use of contemporary chemo-endocrine therapy regimens for better disease control may have contributed to this lack of inferiority in BCSS among patients undergoing BCS in our study. Since the clinical role of BCS has been validated in early stage breast cancer, it remains difficult to conduct clinical trials to assess the survival outcomes between BCS and MAST in different 21-gene RS groups. Our study provides additional information on the local treatment in high-risk RS patients.

In the present study, younger age, higher tumor grade, T2 stage, and PR-negative disease were independent indicators for undergoing MAST, consistent with that observed in previous studies.[@b33-ott-12-2071] Several prior studies also showed that surgeon recommendation was an important factor in decision-making for the surgical procedure.[@b34-ott-12-2071],[@b35-ott-12-2071] In addition, access to health care is a major determinant of choice for the selected breast cancer surgical procedure.[@b36-ott-12-2071] Patients who underwent BCS had good psychosocial well-being, higher level of satisfaction with life, and better psychological health than those treated with MAST.[@b10-ott-12-2071],[@b11-ott-12-2071] In order to achieve an advantageous long-term outcome, it is necessary to inform patients in a clear manner regarding the advantages and disadvantages through an appropriate shared decision-making process. Although patients with high-risk RS may have biologically aggressive cancers,[@b16-ott-12-2071]--[@b21-ott-12-2071] the 21-gene RS should not be used to impact treatment decisions for surgery, based on our findings; in fact, patients with high-risk RS are also suitable candidates for BCS.

Limitations
===========

This study is limited by the inherent bias associated with any observational study; in fact, there were significant differences in several baseline characteristics between the two treatment arms. However, our study was conducted using real-world data and provided additional information related to the effects of different surgical procedures in a large cohort of patients. Moreover, we use PSM to balance the clinicopathological features of patients, although potentially significant confounders such as comorbidities and compliance to recommended therapy remain inevitable. Second limitation is the limited follow-up time of \<6 years in our study because the relapses of breast cancer in early stage disease are not rare even 10--20 years after diagnosis and treatment.[@b37-ott-12-2071] Third, the relatively small absolute differences were found even though statistically significant because of such a large sample size between the treatment arms. In addition, in the newer prospective data from Trial Assigning Individualized Options for Treatment (TAILORx) trail, 21-gene RS cutoffs have led to regrouping the RS risk groups, 0--10, 11--25, and \>25 and that results in our study may not be applicable to the new RS groups.[@b38-ott-12-2071] Finally, the patterns of disease recurrence were unavailable in the SEER database. However, the present study is the first population-based study to investigate the effect of the 21-gene RS in the decision for surgery in early breast cancer.

Conclusion
==========

Our study suggests that the 21-gene RS may impact the decision for surgery in early stage breast cancer. Our results could provide additional support for a shared decision-making process for BCS when both local management options are appropriate choices regardless of the 21-gene RS.
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![The proportion of surgical procedures in different 21-gene recurrence score groups.\
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###### 

Patient characteristics

  Variables                      n        BCS (%)         MAST (%)        *P*-value
  ------------------------------ -------- --------------- --------------- -----------
                                                                          
  **Age (years)**                                                         \<0.001
  \<50                           8,943    5,148 (22.7)    3,795 (32.3)    
  ≥50                            25,504   17,533 (77.3)   7,971 (67.7)    
  **Race/ethnicity**                                                      \<0.001
  Non-Hispanic White             26,417   17,607 (77.6)   8,810 (74.9)    
  Non-Hispanic Black             2,481    1,617 (7.1)     864 (7.3)       
  Hispanic (all races)           2,578    1,684 (7.4)     894 (7.6)       
  Other                          2,971    1,773 (7.8)     1,198 (10.2)    
  **Grade**                                                               \<0.001
  Well differentiated            9,400    6,503 (28.7)    2,897 (24.6)    
  Moderately differentiated      18,510   12,137 (53.5)   6,373 (54.2)    
  Poorly/undifferentiated        6,537    4,041 (17.8)    2,496 (21.2)    
  Unknown                                                                 
  **Tumor stage**                                                         \<0.001
  T1                             27,974   19,131 (84.3)   8,843 (75.2)    
  T2                             6,473    3,550 (15.7)    2,923 (24.8)    
  **PR status**                                                           \<0.001
  Negative                       3,485    2,189 (9.7)     1,296 (11.0)    
  Positive                       30,962   20,492 (90.3)   10,470 (89.0)   
  **Chemotherapy**                                                        0.002
  No/unknown                     26,512   17,569 (77.5)   8,943 (76.0)    
  Yes                            7,935    5,112 (22.5)    2,823 (24.0)    
  **21-gene recurrence score**                                            \<0.001
  Low risk                       18,664   12,441 (54.9)   6,223 (52.9)    
  Intermediate risk              12,693   8,423 (37.1)    4,270 (36.3)    
  High risk                      3,090    1,817 (8.0)     1,273 (10.8)    

**Abbreviations:** MAST, mastectomy; PR, progesterone receptor; T, tumor; BCS, breast-conserving surgery.

###### 

Factors predicting the surgical procedure performed (mastectomy vs breast conserving surgery)

  Variables                      OR      95% CI         *P*-value
  ------------------------------ ------- -------------- -----------
                                                        
  **Age (years)**                                       
  \<50                           1                      
  ≥50                            0.585   0.556--0.616   \<0.001
  **Race/ethnicity**                                    
  Non-Hispanic White             1                      
  Non-Hispanic Black             0.997   0.913--1.088   0.942
  Hispanic (all races)           0.981   0.900--1.070   0.669
  Other                          1.237   1.143--1.339   \<0.001
  **Grade**                                             
  Well differentiated            1                      
  Moderately differentiated      1.138   1.077--1.201   \<0.001
  Poorly/undifferentiated        1.239   1.151--1.334   \<0.001
  Unknown                                               
  **Tumor stage**                                       
  T1                             1                      
  T2                             1.768   1.671--1.870   \<0.001
  **PR status**                                         
  Negative                       1                      
  Positive                       0.833   0.771--0.900   \<0.001
  **Chemotherapy**                                      
  No/unknown                     1                      
  Yes                            0.844   0.793--0.899   \<0.001
  **21-gene recurrence score**                          
  Low risk                       1                      
  Intermediate risk              1.004   0.952--1.059   0.883
  High risk                      1.286   1.167--1.417   0

**Abbreviations:** N, node; OR, odds radio; PR, progesterone receptor; T, tumor.

###### 

Multivariate analysis of prognostic factors of breast cancer-specific survival in different 21-gene recurrence score groups

  Variables                   Low-risk               Intermediate-risk   High-risk                                                
  --------------------------- ---------------------- ------------------- ---------------------- --------- ----------------------- -------
                                                                                                                                  
  **Age (years)**                                                                                                                 
  \<50                        1                                          1                                1                       
  ≥50                         2.156 (1.318--3.528)   0.002               1.160 (0.854--1.577)   0.342     1.043 (0.723--1.505)    0.822
  **Race/ethnicity**                                                                                                              
  Non-Hispanic White          1                                          1                                1                       
  Non-Hispanic Black          1.719 (0.979--3.020)   0.059               1.220 (0.782--1.904)   0.381     1.247 (0.766--2.209)    0.374
  Hispanic (all races)        0.779 (0.341--1.480)   0.553               0.794 (0.460--1.370)   0.407     1.246 (0.727--2.134)    0.423
  Other                       0.604 (0.264--1.382)   0.232               0.822 (0.499--1.355)   0.443     1.097 (0.650--1.851)    0.728
  **Grade**                                                                                                                       
  Well differentiated         1                                          1                                1                       
  Moderately differentiated   2.290 (1.416--3.704)   0.001               1.925 (1.206--3.073)   0.006     3.343 (0.816--13.691)   0.093
  Poorly/undifferentiated     2.771 (1.472--5.214)   0.002               3.848 (2.391--6.192)   \<0.001   3.565 (0.878--14.471)   0.075
  **Tumor stage**                                                                                                                 
  T1                          1                                          1                                1                       
  T2                          1.437 (0.916--2.185)   0.089               2.307 (1.752--3.039)   \<0.001   1.843 (1.360--2.497)    1.843
  **PR status**                                                                                                                   
  Negative                    1                                          1                                1                       
  Positive                    0.672 (0.327--1.380)   0.279               1.354 (0.897--2.043)   0.149     0.879 (0.641--1.205)    0.422
  **Chemotherapy**                                                                                                                
  No/unknown                  1                                          1                                1                       
  Yes                         1.575 (0.891--2.783)   0.118               0.832 (0.631--1.095)   0.189     0.733 (0.533--1.010)    0.058
  **Surgical procedure**                                                                                                          
  BCS                         1                                          1                                1                       
  MAST                        2.043 (1.422--2.935)   \<0.001             1.368 (1.051--1.781)   0.020     1.009 (0.740--1.377)    0.952

**Abbreviations:** MAST, mastectomy; PR, progesterone receptor; T, tumor; BCS, breast-conserving surgery.
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